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Abstract 
Residential dissonance refers to the mismatch in land-use patterns between individuals’ preferred 
residential neighbourhood type and the type of neighbourhood in which they currently reside. Current 
knowledge regarding the impact of residential dissonance is limited to short-term travel behaviours in 
urban vs. suburban, and rural vs. urban areas. Although the prevailing view is that dissonants adjust 
their orientation and lifestyle around their surrounding land use over time, empirical evidence is 
lacking to support this proposition. This research identifies both short-term mode choice behaviour 
and medium-term mode shift behaviour of dissonants in Transit Oriented Development (TODs) vs. 
non-TOD areas in Brisbane, Australia. Natural groupings of neighbourhood profiles (e.g. residential 
density, land use diversity, intersection density, cul-de-sac density, and public transport accessibility 
levels) of 3957 individuals were identified as living either in a TOD (510 individuals) or non-TOD (3447 
individuals) areas in Brisbane using the TwoStep cluster analysis technique. Levels of dissonance 
were measured based on a factor analysis of 16 items representing the travel attitudes/preferences of 
individuals. Two multinomial logistic (MNL) regression models were estimated to understand mode 
choice behaviour of (1) TOD dissonants, and (2) non-TOD dissonants in 2009, controlling for socio-
demographics and environmental characteristics. Two additional MNL regression models were 
estimated to investigate mode shift behaviour of (3) TOD dissonants, and (4) non-TOD dissonants 
between 2009 and 2011, also controlling for socio-demographic, changes in socio-demographic, and 
built environmental factors. The findings suggest that travel preference is relatively more influential in 
transport mode choice decisions compared with built environment features. Little behavioural 
evidence was found to support the adjustment of a dissonant orientation toward a particular land use 
feature and mode accessibility they represent (e.g. a modal shift to greater use of the car for non-TOD 
dissonants). TOD policies should focus on reducing the level of dissonance in TODs in order enhance 
transit ridership.  
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Research highlights 
 The impact of residential dissonance/consonance on travel behaviour is verified using panel 
data 
 Changes in mode choice behaviour of TOD and non-TOD dissonants/consonants are 
measured 
 Travel preferences are more important in choosing transport mode than built environmental 
factors 
 TOD dissonants are less likely and non-TOD dissonants are more likely to switch to public 
transport – signifying the attitudinal importance in mode switch behaviour  
 Non-TOD dissonants are more likely to switch to the car – supporting their adjustment of 
attitudinal orientation toward land uses 
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1. Introduction 
Choosing where to live in is a complex process, often requiring an evaluation of a set of criteria 
(factors) that characterise the neighbourhood (Deutschman, 1972; Kim et al., 2005; Pacione, 2009; 
Prashker et al., 2008). The influence of locational characteristics (e.g. safety, noise, footpath, 
cleanliness, layout of street networks, residential density) and accessibility characteristics (diversity of 
land uses e.g. easy access to shops, parks, jobs; and access to public transport services) are often 
important factors in individual choice (Dempsey et al., 2012; Dokmeci et al., 1996; Howley et al., 
2009; Hui and Yu, 2009; Jim and Chen, 2009; Kim et al., 2005; Lee et al., 2010; Olaru et al., 2011; 
Weichhart, 1983). However, despite a resident‘s careful selection, the satisfaction with a 
neighbourhood may change as a result of a variety of circumstances such as increased density, poor 
job opportunity, or lifecycle stages. When the stress generated from the different factors of 
dissatisfaction became an intolerable strain, then households relocate (Brown and Moore, 1970; 
Pacione, 2009; Rossi, 1955; Rowland, 1982). Where individuals cannot move to their preferred 
neighbourhood due to a number of other factors (e.g. job location, economic constraints), and have to 
stay, often there results a lowering of their expectations/satisfaction level (Clark, 1970; Pacione, 2009; 
Rowland, 1982). As a result, residential mismatch occurs. When mismatch occurs due to differences 
in land use patterns between individuals‘ preferred residential neighbourhood type and the type of 
neighbourhood they currently reside, then residential dissonance occurs (Schwanen and Mokhtarian, 
2004). 
Limited studies to date suggest that residential dissonance significantly affects individuals‘ travel 
behaviour. In the San Francisco Bay Area, Schwanen and Mokhtarian (2004) identified patterns of 
dissonance using data from 1358 commuters living in one urban and two suburban neighbourhoods. 
The research identified preferred neighbourhoods of respondents based on a factor analysis of the 
collected statements of individual travel and neighbourhood preferences. The authors compared 
preferred neighbourhood type (urban vs. suburban) against the actual neighbourhood (urban vs. 
suburban); within this context four groups were identified: urban consonants, urban dissonants, 
suburban consonants, and suburban dissonants. Within the sample 23.6% of the commuters were 
classified as mismatched, and within this cohort, single suburban dwellers and large households and 
families in the city were more likely to experience higher levels of mismatch in terms of neighbourhood 
type. Using the same datasets in a subsequent study, Schwanen and Mokhtarian (2005a) 
investigated the relationship between residential dissonance, the distance travelled, and mode. This 
study found that the weekly distance travelled, and the distance by private vehicle is shortest among 
urban consonants; the longest distance travelled by suburban consonants and dissonants; with 
dissonant urban dwellers falling in between these extremes. Again, using the same datasets 
Schwanen and Mokhtarian (2005b) investigated mode choice behaviours between groups. This study 
found that dissonant urban residents are more likely to commute by private vehicle than consonant 
urbanites, but not as likely as true suburbanites. However, the authors also noted that differences 
between neighbourhoods were larger than between consonant and dissonant residents within a 
neighbourhood, which suggests that the built environment may have an autonomous impact on 
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commute mode choice. De Vos et al. (2012) used similar methods in Flanders, Belgium to compare 
mode choice behaviour between urban consonants and dissonants, and rural consonants and 
dissonants. The analysis of data collected from 1657 individuals reported similar findings to 
Schwanen and Mokhtarian‘s (2005b) study, with more than half of the respondents (51.4%) identified 
as dissonants. Interestingly, this research found that walking, bicycling and the use of public transit 
were mainly determined by attitudes/preferences and only to limited degree by the built environment.  
The findings from these studies bear important implications for land use based policies in two ways. 
First, the relationship of residential dissonance/consonance and travel behaviour is important for 
urban centres that are being designed to foster the use of public transport and reduce the use of 
automobiles. Individuals‘ preferences and travel behaviour are often ingrained, and despite the built 
environment, people may have distinct preferences that endure. A clear understanding of individual 
preferences and travel behaviour provides a foundation to inform the design of neighbourhoods and 
high density transit nodes to support alternative mode choices and the use of public transport.  
Second, the current knowledge on residential dissonance and travel behaviour indicates that the 
success of land use based policies is largely determined by the composition of consonants and 
dissonants living within a neighbourhood. However, Schwanen and Mokhtarian (2005a) have 
hypothesised that a state of dissonance may be ameliorated through adjustment of individuals‘ 
orientation toward land use over time. Such adjustment can occur either by moving to a preferred 
neighbourhood (residential mobility) or by changing attitudes and associated behaviours to be more 
compatible with surrounding land uses. However, a recent study shows that the overall rate of 
residential mobility does not vary significantly between dissonants and consonants in the context of a 
transit oriented development (TOD) (Kamruzzaman et al., 2013). This study also reported that when 
TOD dissonants move, they move to their preferred non-TOD areas whereas non-TOD dissonants are 
less likely to move to their preferred TOD neighbourhoods, most likely due to a variety of factors 
including housing costs and proximity to employment and schools. This finding suggests that both 
TOD and non-TOD areas will remain a mix of dissonant and consonant residents over time unless 
dissonant groups modify their attitudes and associated behaviours toward land uses over time. 
However, empirical evidence is lacking to support this second proposition. If dissonants gradually 
adjust their preferences over time – then eventually, there will be no dissonance in those individuals, 
and their travel behaviour will reflect the revised attitudes. If attitudinal change occurs and is rapid, 
then public policies need only focus on the built environment and not on attitude change.  
To shed additional light on this debate, the objectives of this research are twofold: first, to identify and 
compare short term mode choice behavioural outcomes of consonants and dissonants in the context 
of a TOD; and second, to assess mid-term changes in mode choice behaviour outcomes of these 
groups. TOD was chosen as a focus for the study because of its importance as a key international 
policy tool to manage growth and urban sprawl, reduce congestion, and lower greenhouse gas 
emissions (Lin and Gau, 2006; Loo et al., 2010; Transportation Research Board, 2001). Cities have 
embraced the concept of TODs to improve the ridership of public transit, increase internal density and 
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land use diversity, and provide growth nodes. Billions of dollars have been spent world-wide in 
developing TODs. Yet, despite the uptake of TODs as a concept, very little is known to date about the 
extent of dissonance/consonance within TODs and their impact on travel behaviour. We argue here 
that travel behaviour could be a determining factor in the successful operationalisation of policy and 
the effectiveness of TODs. Section 2 reviews the literature on TODs, mode choice behaviour, and 
determinants of modal shift. Section 3 describes data and methods; and Section 4 outlines the 
findings of the research. We conclude with the implications of the research findings in policy terms 
and identify future research directions. 
2. Literature review 
2.1 Transit oriented development (TOD) 
Policy interventions aimed at a modal shift from car based travel to the use of more sustainable 
transport options (public transport, walking and cycling) can be classified into push (e.g. by reducing 
the attractiveness of the car through higher taxes) and pull (e.g. by improving the attractiveness of 
public transport services by lowering fares) measures (Cools et al., 2009). These are again classified 
as soft/psychological (e.g. campaign, individualised travel planning) and hard/structural (i.e. 
modification in infrastructure or legislation ) interventions (Department for Transport, 2009; Graham-
Rowe et al., 2011). Within this context, TOD is considered a hard intervention that aims at a modal 
shift by increasing the attractiveness of both public transport (PT) and active transport (AT).  
 
TOD is a new neighbourhood planning concept characterised by ―3 D‘s‖ (density, diversity, 
design/street network) that are centred on high frequency transit stop (Bertolini et al., 2009; Cervero 
and Kockelman, 1997; Renne, 2009; Rohe, 2009). It is conceptualised that an enhancement of 
residential density would increase transit use; the diversification of land uses would enhance public 
transport passenger convenience; and pedestrian oriented walkways (e.g. a well connected street 
network) and transfer systems would increase the use of transit (Lin and Gau, 2006). When these 
land use based interventions are combined, they enhance the attractiveness of public transport 
services as a whole over the car. The private car is characterised by both flexibility and speed; and 
transit services can only be a competitor of private transport if they meet these two characteristics at 
once (Bertolini et al., 2009). Although traditional transit services meet the speed criteria, they lack 
flexibility. As a result, the concept of TOD was developed to provide fast and frequent services to 
distant opportunities and to arrange land uses in an integrated way – usually within walking distance 
(400-600m) from a station in order to achieve the flexibility criteria. A station is developed not just to 
catch the transit services, but is created as a place to live, to work, to shop, to socialize and to 
recreate (Bertolini et al., 2009).   
Research on TODs has primarily focused on the accessibility benefits associated with moving into a 
TOD area, such as employment (Cervero and Day, 2008; Olaru et al., 2011); enhancement of 
physical activity levels due to walking (Brown and Werner, 2007); and property investment (Billings, 
2011). Alternatively, studies have also examined the negative impacts of living in TOD areas such as 
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noise, pollution, and crime (Atkinson-Palombo, 2010; Bowes and Ihlanfeldt., 2001). The success of 
TODs is often measured using the frequency of transit ridership. Site-specific factors that influence 
this success include land use density and diversity (Cervero, 1996; Cervero and Gorham, 1995; Lin 
and Gau, 2006; Lindsey et al., 2010; Werner et al., 2010); street connectivity (Brown and Werner, 
2011; Werner et al., 2010); and station area characteristics (Lin and Gau, 2006; Werner et al., 2010). 
However, conflicting results have been reported with transit ridership in TODs between cities located 
in different parts in the world (Shyr et al., 2010; Sung and Oh, 2011).  
Little research has been conducted on the modal shift behaviour of people living in TODs. Studies 
have been completed on mode choice behaviour in a TOD context (Buehler, 2011; Cervero, 2002; 
Limtanakool et al., 2006), however, despite a significant association between the above 
environmental factors and mode choice behaviour, a growing concern is evident in the literature that 
questions the causality of these factors in mode switch behaviour (Mokhtarian and Cao, 2008). Many 
studies have identified that such an association could be subject to spuriousness – a third factor that 
creates an accidental relationship between the dependent (choice of transport mode) and 
independent (environmental factors) variables. Residential self-selection or residential sorting has 
been identified as one of such accidental variables (Handy and Clifton, 2001). It is referred to as an 
individual‘s inclination to choose a particular neighbourhood according to their travel abilities, needs, 
and preferences (Guo and Chen, 2007; Litman, 2012; Pinjari et al., 2007). Travel attitude, which is 
often difficult to measure, has been identified as a potential source of residential self-selection 
(Mokhtarian and Cao, 2008). For example, people who prefer public transport service intentionally 
choose to live in a neighbourhood with frequent transit services. As a result, observed behavioural 
differences for these individuals are largely caused by differences in travel preferences, not 
environmental differences - although the effect will be captured by environmental variables in a 
model. 
 
Researchers have generally adopted two approaches to disentangle the self-selection effect in 
establishing the causal link between environmental factors and travel behaviour. In the analysis of 
cross-sectional data, residential self-selection effects are controlled by taking into account a measure 
of travel attitudes/preferences and socio-demographics, and investigating their potential linkages. 
Respondents with similar travel attitudes but living in distinctly different types of neighbourhoods are 
selected for this type of analysis (Guo, 2009). Studies that have analysed cross sectional data have 
incorporated a range of methods such as an instrumental variables model (Boarnet and Sarmiento, 
1998; Greenwald and Boarnet, 2001; Khattak and Rodriguez, 2005; Vance and Hedel, 2007), a joint 
choice model (Bhat and Guo, 2007; Cervero and Duncan, 2008; Pinjari et al., 2007), a cross-sectional 
structural equation model (SEM) (Bagley and Mokhtarian, 2002), and a path choice model (Guo, 
2009). In contrast, for a longitudinal analysis, data are collected from the same person over two or 
more time periods, and it is assumed that self-selection effects are nullified. Although the later 
approach is more robust in establishing a causal link due to time precedence (i.e. the cause precedes 
the effect in time), its application is limited due to data availability (Handy et al., 2005; Leslie et al., 
2005; Singleton and Straits, 1999).  
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In the absence of true longitudinal data, several researchers have investigated the causal link using 
quasi-longitudinal data (Cao et al., 2007; Handy et al., 2005; Handy et al., 2006). Other studies have 
considered residential mobility as an environmental intervention/treatment and have analysed pre- 
and post-move travel behaviour of individuals to assess the causality (Krizek, 2003; Meurs and 
Haaijer, 2001). Most of this research argues for the existence of causal linkages; however, some 
authors dispute such  linkages (see, Bagley and Mokhtarian, 2002; Lee et al., 2009). 
2.2 Determinants of (changes in) mode choice behaviour 
Numerous studies have identified factors influencing mode choice behaviour in cross-sectional 
analysis. Researchers agree that the choice of transport mode is a complex process and a multiplicity 
of factors play a role in determining behavioural choice. These factors can be classified as: socio-
demographics (age, gender, car-ownership), psycho-sociological (attitudes, self-efficacy, social norm), 
trip characteristics (trip purpose, trip start time), and locational/accessibility characteristics. However, 
longitudinal studies showing the determinants of change in mode choice behaviour are relatively rare 
compared to cross-sectional studies (Srinivasan and Bhargavi, 2007). Although cross-sectional 
analyses are deemed to be satisfactory for steady state conditions, they are inadequate to model 
transient behaviour, such as changes in mode choice over time (Kitamura, 1990). For example, 
Srinivasan and Bhargavi (2007) compare the effectiveness of both dynamic and cross-sectional 
models in understanding commuting behaviour changes in India, and find that the dynamic models 
provide a substantial improvement in explaining the variance in data (68%) over the cross-sectional 
model (48%). Three type of dynamics in mode choice behaviour have been reported in the literature 
including micro-dynamics (24 hours), macro-dynamic modifiers (several years), and macro-dynamic 
processes (lifespan) (Clarke et al., 1982). In order to understand these dynamics in behaviour, 
Kitamura (1990) has argued for the inclusion of two levels of dynamic factors in the modelling 
framework: 1. macroscopic (system level - changes in land uses) and 2. microscopic (individual level - 
changes in vehicle ownership).  
 
Research has shown that women, younger people, low-income groups, individuals who are less likely 
to have professional/managerial occupations, less educated, lower income, non-car owning, and 
singles are less likely to use the car than their counterparts (Cools et al., 2009; Fenwick et al., 1983). 
In the Netherlands, Limtanakool et al. (2006) confirm that car availability is a significant factor for not 
only longer distance commute trips, but also for longer distance business/leisure trips. However, this 
study has also revealed that highly educated individuals have the highest propensity to travel by train 
for longer distance work and leisure trips. 
 
According to the theory of planned behaviour (TPB), the psycho-sociological variables impact on 
mode choice behaviour via behavioural intention (mediation effect) (Ajzen, 1991). Bamberg et al. 
(2011) have observed that when forming an intention to use a certain mode, people do not only take 
into account their attitudes toward this mode but they also: judge the perceived service performance 
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(difficulty of using it); take into account subjective norms (perceived social pressure to engage or not 
to engage in a behaviour); and assess perceived behavioural control (people‘s perceptions of their 
ability to perform a behaviour). Attitudinal factors such as environmental concern and car affection 
(flexibility and comfort) have been identified to have significant effects (Cools et al., 2009). Using 
stated preference data from 342 individuals in the Galilee region, Elias and Shiftan (2012) found that 
the perception of risk of being involved in road crashes also positively affects the intention to use 
public transport. Matthies et al. (2002) found that women are more willing to reduce car use because 
of their stronger ecological norms (stronger obligation) and weaker car habits in Bochum, Germany. 
Thøgersen (2006), based on a panel data from 1300 Danish residents - using the structural equation 
model - has shown that the use of public transport is largely determined by positive attitudes, beliefs 
about whether or not public transportation can cover one‘s transport needs, and car ownership. This 
study also found that past behaviour (habit) is a significant predictor of present behaviour. The 
research reports that for individuals without a car, behaviour changes are in the direction of greater 
consistency with current attitudes and perceptions. However, for car owners, current attitudes are 
inconsequential. The temporal stability of transport behaviour is also higher for car-owners than for 
non-owners. 
The impact of system level changes on mode choice behaviour has recently been documented 
(Golias, 2002; Knowles, 1996; Mackett and Edwards, 1998). Using data from 100 cities around the 
world, Mackett and Edwards (1998) have shown that the actual ridership in the new public transport 
systems is much lower than anticipated. Although Knowles (1996) reported a higher modal shift from 
the car to light rail after the construction of Manchester‘s Metrolink, other studies have reported that a 
shift from the car to metro is much lower than a shift from other modes (Golias, 2002). Using data 
from 4200 commuters in Athens, Golias (2002) found that travel time and travel cost are the most 
important predictor of commute mode choice behaviour. However, this study also reported that the 
demand for auto usage is fairly inelastic (with respect to both cost and time), and that Athens transit 
users are more sensitive to changes in cost rather than travel time.  
Brown et al. (2003) have investigated the impact of hosting the 2002 Olympics on commuting 
behaviour at the University of Utah. The hosting resulted in a temporary parking shortage on campus, 
the opening of a new light rail transit line, and an outreach programme enhancing the attractiveness 
of transit. Based on pre- and post-intervention surveys, this study reported that initially participants 
were not keen to give up their car commutes. However, they did so only because of the Olympics-
related parking shortages; and once begun, many continued to use the light rail, especially if they 
perceived few advantages to car use or more benefits to light rail use, such as reliable service, access 
to new and interesting parts of the city, and productive and pleasant activities en route. Abou-Zeid et 
al. (2012) intervened by providing a free public transport pass to 30 car commuters who were required 
to commute by public transport for at least 2-3 days in a given week in Switzerland. They collected 
travel diary and questionnaires from the respondents both pre-, during-, and post-intervention periods. 
The study measured their travel behaviour and satisfaction level of using different travel modes and 
found that the measure of satisfaction with the commute by car obtained right after the temporary 
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intervention is significantly different from the measure obtained before the intervention. However, this 
study reported that none of the 30 participants switched completely to public transportation after the 
intervention but a number of them continued to commute occasionally by public transportation. Abou-
Zeid and Ben-Akiva (2012) conducted a similar experiments with 67 individuals at the Massachusetts 
Institute of Technology (MIT). This study reported that about 30% of MIT participants switched to 
public transportation after the intervention. This study found that those who switched to public 
transportation were more predisposed to switching, were more cost-conscious, and had more 
favourable perceptions and attitudes towards public transportation. Those who did not switch became 
happier with their cars. Thøgersen (2009) has tested the impact of different policy interventions (e.g. a 
free month travel card, a customised travel plan, and a trip planning exercise) on commuting 
behaviour of car owners in Copenhagen and found that the free month travel card (price promotion) is 
the intervention that led to a significant increase in commuting by public transport which  persisted 
even after six months of the intervention.  
 
Apart from the above intervention-based studies, scant evidence is reported in the literature showing 
natural adjustment in travel attitudes and consequent mode shifting behaviour. Most of these studies 
indicate that attitudinal/intentional changes are important for a change in mode choice behaviour. In 
addition, these intervention-based studies analysed behaviour in a shorter time span (maximum 6 
months after the interventions). As a result, it is not known whether the changed behaviour as 
reported in the above studies sustained over a longer time period or whether their attitudes change 
over time and so do their travel behaviour.  
3. Data and methods 
3.1 Study area 
This case study research focuses on TODs that are currently being implemented in Brisbane, 
Australia and evaluates the impact of dissonance/consonance on mode choice behaviour. Over the 
past decade, Brisbane City Council has embarked on a focused policy encouraging compact urban 
development around transit nodes. The impetus for TODs in Brisbane is derived directly from the 
policy guidance of the Queensland (Qld) State Government. The State government (2008) brands 
itself as strong, green, smart, and healthy: aiming to reduce congestion by cutting one-third of its 
current carbon emissions. The South East Qld (SEQ) Regional Plan 2009-2031 provides specific 
policy guidelines to meet these stated goals (Queensland Government, 2009). One policy direction is 
to facilitate development in a more compact way through locating self-contained activities in well 
defined nodes along existing and planned transport corridors. These nodes or activity centres are 
classified as primary, principal regional, major regional, specialist, principal rural, and major rural 
depending on the types of functions and opportunities to be supported by the development. The Plan 
identifies the activity centres as prime candidates for TODs, outlining the following key principles 
(among others) to be applied: land use mix (diversity); increased residential density; land use intensity 
for employment; high-quality subtropical design that maximises amenity; street activity and pedestrian 
connectivity; and creation of an increased mode share for walking, cycling and public transport. The 
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emergence of the above built environment factors are critical variables in determining TOD or non-
TOD type residential dissonance. 
3.2 Data 
Panel data were collected in three phases (2007, 2009, and 2011) from 11036, 7866, and 6901 adults 
respectively (aged between 40 and 70 years) living in 200 census collection districts (CCDs) in 
Brisbane as a part of the larger HABITAT (How Areas in Brisbane Influence Health and Activity) 
survey. Details about sampling, survey design framework, and the representativeness of the baseline 
sample to the wider population have been published elsewhere and are not discussed here in detail 
(Burton et al., 2009; Turrell et al., 2010). Briefly, a multi-stage probability sampling design was used to 
select a stratified random sample of CCDs, and from within each CCD, a simple random sample was 
drawn. The study was purposely designed to examine changes in the health and related behaviours 
of a ―baby boomer‖ cohort (born between 1946 and 1965), and as a result, younger age individuals 
were not included. This paper used data from the 2009 and 2011 version of the surveys and includes 
3957 individuals who participated in both phases. The analytic sample  was obtained by excluding 
missing cases, and individuals who moved residences between the periods because they  might have 
adjusted their neighbourhood preferences through relocation. Although this reduction in sample sizes 
introduces a risk of representativeness bias, a comparative investigation of the sample characteristics 
in these periods with the baseline survey data shows that the samples are similar (Table 1) which 
suggests that the sample used in this research is generally representative of the wider Brisbane 
population. 
 
Table 1 also shows changes in socio-demographics of the individuals between 2009 and 2011. Note 
that changes in income level between 2009 and 2011 were not considered to model changes in mode 
choice behaviour. This is due to the fact that a large number of missing cases were evident in 2011. 
In addition, no income effect was evident in the mode choice models in 2009. As a result, such an 
analysis without income changes is warranted, with the aim to exploit a relatively larger sample size. 
Gender, educational qualifications, and country of birth data were collected only once and are 
assumed to be static. Since all individuals experienced identical changes in age and length of stay 
factors, these were not considered. Limtanakool et al. (2006, p.335) have stated that ―one might 
argue that travel costs should always be included in a mode choice model. These elements are, 
however, often omitted for the studies on land use and transport linkages‖. Although this research 
collected travel time to work, the sample contains both working and non-working individuals. As a 
surrogate measure, this research developed an interaction variable using the employment status (3 
categories) and travel time variables (4 categories) (Table 1). This interaction resulted in a new 
variable with 9 categories (e.g. unemployed, part time employed * travel time less than 15 minutes, 
full time employed * travel time more than 60 minutes, etc). Similarly, an interaction variable was 
created that captured changes both in employment status and travel time between the periods (e.g. 
working time unchanged* travel time unchanged, working time increased * travel time unchanged 
etc).  
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3.3 Methods 
3.3.1 Identification of actual neighbourhood type 
This research follows a similar methodology to Schwanen and Mokhtarian (2004) in identifying 
residential dissonance. First, the types of neighbourhoods in which individuals lived were identified 
with respect to TOD or non-TOD types. Spatial analyses were conducted to derive five environmental 
indicators including net residential density, land use diversity, intersection density, cul-de-sac density, 
and public transport accessibility level (PTAL). A 600m network distance buffer was generated for 
each individual from their home in order to derive these indicators based on the literature 
(Transportation Research Board, 2004). Other than individuals‘ home location, all other datasets used 
for the generation of these indicators were downloaded/collected from secondary sources and were 
last updated in 2011. These included: physical road network data downloaded from the Queensland 
Government Information Services website (http://dds.information.qld.gov.au/dds/), cadastral parcels 
with land use classification data collected from the Brisbane City Council, public transport stops 
downloaded from the Australian Government Open Database website (http://data.gov.au/), and 
published public transport timetables downloaded from the Tranlink website (http://translink.com.au/). 
Motorways were excluded during the generation of the buffer as these are not suitable for walking. 
The cadastral parcels dataset contains 473,298 records and represents 84 types of land uses of 
buildings (or units in case of multi storey buildings). These were reclassified into 5 main classes 
(residential, commercial, industrial, institutional, and recreational). Other land uses (e.g. vacant) were 
excluded from the analysis.   
 
Net residential density was measured using the number of residential units located within a unit area 
of residential zoned lands (e.g. number/hectares) (Frank et al., 2005). The Simpson‘s diversity index 
was used to calculate land use diversity in this research (Simpson, 1949). This index has recently 
been used in the transport literature to calculate land use diversity due to its capability to take into 
account both the richness and evenness of land uses (Kamruzzaman and Hine, 2013). Richness 
measures how many types of land uses are present in an area whereas evenness compares the 
similarity of different land uses (i.e. whether the existed land uses are equally present). The following 
formula was used to calculate land use diversity index in which the higher value represents more 
diversity of land uses (value ranges from 0 to 1) (Simpson, 1949): 
2
1  )/( - diversity use Land Aa  
where a is the total area of a specific land use category (e.g. residential) presents within the 600m 
buffer and A represents the total area of all land use categories in the buffer (Figure 1a). Figure 1 
shows a contrasting case of two individuals. Both are living close by but the built environment for one 
individual (15964) possesses the quality of a TOD whereas the other (15941) is living in a non-TOD 
environment.  
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A wide range of measure exists in the literature representing street connectivity level such as block 
area, block perimeter length, block density, intersection density (number of intersections/area), cul-de-
sac density (number of dead ends/area), street density (length of street/area), ratio of roadway to 
intersections (length of street/number of intersections) and pedestrian route directness (ratio of a 
straight-line distance between two points and actual route distance between the points) (see, Stangl 
and Guinn, 2011). Two contrasting indicators of street connectivity level were derived in this research 
(e.g. intersection density, and cul-de-sac). A higher intersection density supports walking and thereby 
more favourable for a TOD whereas a higher cul-de-sac density represents an advance in design 
efficiency for automobile movement but a retrograde step in design efficiency for pedestrian or transit 
movement (Cervero and Gorham, 1995; Lund, 2006). Intersection density was measured based on 
the number of 3 or more way intersections located within a unit area of the buffer (e.g. 
number/hectares) whereas cul-de-sac density was calculated using the number of dead ends located 
within a unit area of the buffer (e.g. number/hectares) (Figure 1b). Although it was expected to have a 
negative correlation between intersection density and cul-de-sac density, analysis revealed a 
moderate positive correlation (0.245) exists between the two. This finding suggests that for some 
neighbourhoods, both indicators are equally present and exclusion of any of these indicators will 
misrepresent the neighbourhood as a TOD. As a result, both were retained for further analysis. 
The PTAL approach was used to measure accessibility level to transport for each individual – a 
method well documented in the literature and applied (see, Transport for London, 2010; Wu and Hine, 
2003). Briefly, bus stops and train stations that are located within the buffer of each individual were 
identified as shown in Figure 1c. Access (walk) time to these stops/stations was considered as 7.6 
minutes (maximum walking distance 600m with average walking speed 4.8km/h). Unique transport 
routes that pass through each of these stops/stations were then identified. Where a route occurs twice 
or more - because it serves more than one stop within the buffer – only one stop was considered for 
that route. Morning peak hour frequency on a typical weekday (Monday) of the identified services was 
calculated using published timetable data (number of services per hour). This estimate was derived by 
halving the total number of services between 7:00am and 9:00am. Since a public transport service 
runs in two directions – inbound and outbound in case of Brisbane, only the inbound direction was 
considered because the highest frequency was found in this direction in the morning. For each route, 
schedule waiting time (SWT) was calculated using the following formula:  
 
SWT = 0.5 × (frequency / 60) 
 
A reliability factor was then added to SWT (2 minutes for buses and 0.75 minutes for rail services) in 
order to derive average waiting time. Average waiting time and access time were summed to calculate 
total access time. The total access time was then converted to an Equivalent Doorstep Frequency 
(EDF) (EDF = 30/total access time). This conversion treats access time as a notional Average Waiting 
Time as though the route was available at the "doorstep" of the selected individual (Transport for 
London, 2010). Routes often travel in parallel for some distance so the range and frequency of 
destinations are likely to be less than that suggested by the number of routes included in the 
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calculation. In addition, travellers often are required to change routes in order to reach a desired 
destination, which can add significant delays to the journey. As a result, as it is suggested in the 
literature, the EDF values were halved for all but the most frequent route for each transport mode 
which compensates for the above issues. The resultant EDF values were then summed up for each 
mode which generated mode specific PTAL – in this case bus and train. The mode specific PTALs 
were subsequently summed up to get an overall public transport accessibility level (PTAL) for an 
individual. Therefore, the PTAL method takes into account spatial accessibility of services (whether or 
not within the 600m buffer), frequency of services, connectivity to opportunities (different routes), and 
reliability of services across different modes. 
 
Using the five derived indicators (e.g. net residential density, land use diversity, intersection density, 
cul-de-sac density, and PTAL), the TwoStep Cluster Analysis was conducted in order to identify 
natural grouping of the individuals with similar environmental profiles (Cerin et al., 2007). The 
indicators were standardised (zscore) prior to the cluster analysis. In addition, to make this measure 
less sensitive to outliers, the 5% highest and lowest scores were set equal to the 95th and 5th 
percentile point respectively based on the literature (De Vos et al., 2012; Schwanen and Mokhtarian, 
2004). The analysis resulted in a five cluster solution (Figure 2). The cluster quality chart indicates 
that the overall model quality is in the "Fair" range. Also all five indicators have an equal weight in the 
classification of the neighbourhoods. Amongst the five groups, one group comprising of 510 
individuals was clearly identified to be labelled as living in TOD type of areas (see, cluster 5 in Figure 
2). In contrast, further exploration revealed that the environmental characteristics of the remaining four 
groups (3447individuals) do not qualify for a TOD, and as a result, these were labelled as non-TOD 
type of areas. Figure 3 shows the location of these TODs in Brisbane (bus stops are not displayed in 
Figure 3 to improve clarity). Interestingly, the identified areas are distributed across Brisbane and both 
bus stop and train station based TODs are evident. The identified locations were also found to be in 
line with the governmental strategic direction because many of the identified areas were listed as a 
potential site for TOD in relevant documents such as South Bank, Burunda, Auchenflower, Toowong, 
Yeerongpilly (Queensland Government, 2009). 
3.3.2 Identification of preferred neighbourhood and residential dissonance 
Respondents were asked to indicate whether they agreed/disagreed on 16 items on a 5-point Likert 
scale (1 – strongly disagree to 5 – strongly agree) related to their travel preferences in both survey 
periods. Based on the scores in these statements, factor analyses were conducted in order to extract 
the fundamental dimensions spanned by these 16 items using the principle axis factoring with oblique 
rotation in both 2009 and 2011. Factor analysis is a commonly used method to derive travel attitude 
variables (Cao et al., 2007; Handy et al., 2005; Handy et al., 2006). The factor analyses were 
conducted based on polychoric correlations matrix in order to take into account the ordinal nature of 
the variables. A special SPSS program developed by Basto and Pereira (2012) was used to conduct 
the factor analyses. Initial results showed that one statement had a very low level of MSA (measure of 
sampling adequacy) (traffic congestion is a problem in Brisbane) which was excluded and the factor 
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analyses was rerun. The MSA measures whether individual variable is adequate to a factor analysis 
whereas the Kaiser–Meyer–Olkin (KMO) measures whether all the included variables together are 
adequate to a factor analysis. Both KMOs and MSAs were found to be greater than 0.7 in the revised 
analyses which signify their adequacy to factor analysis (Table 2). Hence, factor analyses were 
conducted without dropping any other variable. The Bartlett test of Sphericity (chi-square = 24224 and 
24067 with df = 105; p = 0.00 for 2009 and 2011 respectively) illustrates a sufficient degree of 
correlation between at least two variables in both periods; or in other words the factor analyses are 
useful.  
Four factors were selected using the latent root criteria for the number of factors (eigenvalues larger 
than 1) (Table 2). These four factors statistically contributed to the explanation of the total variance of 
the data by more than 63% in both periods - a level considered to be good for this type of analysis 
(De Vos et al., 2012; Kamruzzaman and Hine, 2011). The factor loadings were also found to be 
acceptable as they explained almost 10% variance in data (De Vos et al., 2012). The four factors can 
respectively be interpreted as reflecting negative public transport (PT) attitudes, pro-environmental 
concerns attitudes, pro-car attitudes, and safety concern attitudes whilst travelling in both periods. 
The first factor is particularly important for identifying preferred neighbourhood type in a TOD context. 
Given that transit services are key elements in facilitating travel in TOD areas, respondents with a 
negative public transport attitude are less likely to prefer TOD areas to live. In addition, the first factor 
explained the largest variations in data (29%) in both periods. Moreover, the first factor was found to 
be moderately correlated with the remaining factors in expected directions (e.g. negative-PT vs. pro-
env = -0.169 (2009) and -0.157 (2011), negative-PT vs. pro-car = 0.325 (2009) and 0.348 (2011), and 
negative-PT vs. car safer = 0.478 (2009) and 0.457 (2011)) as anticipated due to the utilisation of 
oblique rotation method. As a result, only the first factor was retained in order to assess the level of 
dissonance. 
As discussed earlier, individuals were segmented based on their actual neighbourhood type: TOD 
and non-TOD. The generated factor score of the negative-PT attitudes factor was then used to 
distinguish the level of dissonance/consonance of individuals living in TOD and non-TOD areas. For 
example, a higher score in the negative-PT attitudes factor indicates a higher level of dissonance for 
those who live in TOD areas (or a lower score indicates a higher level of consonance). In contrast, a 
higher score in this factor indicates a higher level of consonance for those who live in non-TOD areas. 
Therefore, this measure complies with the all four criteria of dissonance indicator as suggested by 
Schwanen and Mokhtarian (2004): a) it should give a straightforward assessment of the presence of 
mismatch; b) it should be able to reflect subtle differences in the extent of dissonance across 
individuals; c) it should take account of the variation in the level of attachment to the current 
neighbourhood; and d) it should be equally applicable to different kinds of neighbourhoods. Note that 
individuals‘ level of attachment to their current neighbourhood was taken into account by using length 
of stay as a controlling factor in the model (Table 1).  
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Changes in the level of dissonance were measured by subtracting the 2009 factor score from the 
2011 factor score. Therefore, a higher value in this subtraction measure indicates that individual 
became more dissonant in 2011 who lived in TODs. In contrast in non-TOD areas, a higher 
subtraction value indicates that individuals became more consonant in 2011.  
3.3.3 Dependent variables and data analyses 
Respondents were asked to indicate ‗on most weekdays (Monday to Friday), which type of transport 
do you mainly use to get to and from places?‘ in both survey periods. They were given five options to 
choose from: a) public transport; b) car or motorcycle; c) walk; d) bicycle; and e) other. Respondents 
were also instructed to select only one option from the above. A limitation of this form of response 
coding is that the ‗main‘ mode (among 5) used 26% of the time or 100% of the time would be coded 
exactly the same by a respondent. Another limitation is that the chosen mode can be used for any 
purposes (e.g. work for employed individuals, shopping/recreation for non-working individuals). The 
walk and bicycle modes were combined together to represent active transport (AT). Different 
parametric modelling techniques have been used by researchers such as the multinomial logit model 
(MNL), mixed logit model, binary logistic model, and binary probit model in order to identify mode 
choice behaviour (Hine and Kamruzzaman, 2012; Morency et al., 2011; Páez, 2006; Schwanen and 
Mokhtarian, 2004; Xing et al., 2010). Given the categorical nature of the dependent variable, MNL 
regression analyses were conducted to analyse mode choice behaviour in 2009. Two regression 
models were estimated: one for respondents living in TOD areas (model 1); and the other for non-
TOD areas (model 2). Respondents‘ chosen mode was regressed using the level of 
dissonance/consonance factor in order to assess the relationship between mode choice behaviour 
and residential dissonance – also controlling for socio-demographics and neighbourhood 
characteristics. The reported other mode was excluded from these analyses due to a lower response 
rate in this category (Table 3).  Car was used as a reference category in these cross-sectional MNL 
models.  
 
In order to reach the second objective of this research that is to understand whether dissonants 
change travel behaviour over time, a new multichotomous ‗mode switch‘ variable was created. The 
‗mode switch‘ variable was populated by comparing mode choice behaviour between 2009 and 2011 
(e.g. from car to public transport) (see, Table 4). If individuals did not change mode between the 
periods, an ‗unchanged‘ category was added. Therefore, a total of 13 categories were added (Table 
4). However, Table 4 shows that around 90% individuals did not change their travel behaviour, and as 
a result, many of the mode shift categories contained only few responses. Consequently, they were 
reclassified based on the changed mode irrespective of their original mode as shown in Table 4. 
Again, only a few responses were recorded for a shift to other mode. This category was not 
considered in the modelling. Two additional MNL models were estimated to assess the relationship 
between residential dissonance and mode shift behaviour using the ‗reclassified mode switch‘ as a 
dependent variable: one for TOD (model 3), and the other for non-TOD areas (model 4). The 
‗unchanged‘ category was used as a reference category in these models. Given that the changed 
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behaviour is not only dependent on changed circumstances but also of a factor of their ‗base‘ values 
as discussed earlier, therefore, the explanatory variables entered in these models included socio-
demographics in 2009, changes in socio-demographic status between 2009 and 2011, level of 
dissonance in 2009, changes in the level of dissonance between 2009 and 2011, and neighbourhood 
characteristics. Changes in the neighbourhood characteristics were not considered in this research 
primarily due to data unavailability. 
.   
The MNL regression models computed the odds ratios (ORs) for each explanatory variable that 
indicated a measure of how much more likely one group (e.g. TOD dissonant) used a certain mode in 
2009 or switched to a certain mode in 2011 (e.g. public transport) over the reference category (e.g. 
car/motorcycle) when compared to its counterpart (e.g. TOD consonant), controlling for other 
variables in the model. Only the statistically significant (p<0.05) factors were retained in all four 
models upon refinement of an initial starter specification that included all variables. All models were 
run in SPSS. 
4. Modelling Results 
The car was the predominant mode of travel in Brisbane in 2009. About 83% respondents indicated 
that they used car as their main mode of transport on weekdays (Table 3). However, a preliminary 
claim for TODs as an enabler of fostering sustainable travel choices can be justified based on the 
findings from this research. Table 3 shows that respondents‘ indication of the car as a main mode of 
transport is relatively lower in TOD areas (69%) than in non-TOD areas (85%). However, the question 
is ―How long will this difference exist?‖ because Table 4 shows that the volatility of behavioural 
change is much higher in TOD areas (16% made a shift) than in non-TOD areas (10% made a shift). 
More importantly, the behaviour adaptation to car is higher in TOD areas (7.1%) compared to non-
TOD areas (4.8%). The question becomes ―Who is switching to the car in TOD areas‖ and more 
specifically ―To what extent does residential dissonance play a role in this conversion process?". This 
section reports the findings from the regression analyses and explores the impact of residential 
dissonance on (changes in) mode choice behaviour. 
4.1 Socio-demographic effects on (changes in) mode choice behaviour 
The availability of a car was a major factor in the choice of transport mode in Brisbane in 2009. As 
reported in other research, Table 5 (model 1 and model 2) demonstrates that the choice of public 
transport (PT) and active transport (AT) is much higher for those who had limited access to a car in 
both TOD and non-TOD areas (Cools et al., 2009; Fenwick et al., 1983). This finding is further 
confirmed in the analysis of mode shift behaviour. Table 6 shows that individuals whose car 
availability reduced between the periods were more likely to switch to: AT in TOD areas – perhaps 
due to availability of opportunities close by (model 3), and PT in non-TOD areas – perhaps to access 
opportunities usually located away from non-TOD areas. However, when cars became available in 
non-TOD areas, individuals switched to the car as expected (Model 4 in Table 6). 
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As in previous studies, the findings of this research confirm that women are less likely to choose the 
car. However, this is true only in non-TOD areas where women were 1.4 times more likely to use PT 
than the car (model 2 in Table 5). They were also twice less likely to walk compared to men. In 
addition, women were twice less likely to make a switch to AT compared to men in non-TOD areas 
(model 4 in Table 6). No effect of gender on either mode choice behaviour or mode shift behaviour 
was evident in TOD areas. Older people were found less likely to make a modal shift to PT in TOD 
areas (Model 3 in Table 6), and their use of AT is relatively lower in non-TOD areas (Model 2 in Table 
5). Higher educated individuals were found more likely to walk in TOD areas. However, no impact of 
education was found to exist in non-TOD areas or in mode shift behaviour in either area.  
 
Respondents with larger sized households in 2009 were less likely to use PT in 2009 despite living in 
TOD areas (model 1 in Table 5). Moreover, the propensity of switching to PT in 2011 was also lower 
for larger sized households in 2009 (model 3 in Table 6). This finding is further confirmed in the 
change analysis in Table 6. Both model 3 and 4 show that respondents whose household size 
increased between 2009 and 2011 were 2.5 times and 1.4 times less likely to shift to PT in 2011 in 
TOD and non-TOD areas respectively.  
 
Although health is not a significant factor in TOD areas, individuals in better health in 2009 were more 
likely to walk in non-TOD areas in 2009. Individuals who had better health in 2009 were also more 
likely to make a modal shift to AT in 2011 in non-TODs.  
 
Generally, longer travel time to work increased the propensity of choosing PT as the main mode of 
transport for working individuals living in TOD and non-TOD areas in 2009 compared to non-working 
individuals living in respective areas (Table 5). In contrast, working individuals with a shorter travel 
time to work in 2009 were more likely to use the car rather than walking or using PT in non-TOD areas 
(model 2 in Table 5). Interestingly, these individuals were more likely to make a shift towards walking 
in 2011. These effects were not evident in TOD areas.  
4.2 Built environmental impact on mode choice behaviour 
Significant impacts of the built environmental on individual travel was evident in this research, despite 
the segmentation of TOD and non-TOD areas. This finding is particularly true for non-TOD areas, and 
is expected because the non-TOD areas are an aggregated outcome of four type of clusters, which 
possess some level of heterogeneity in the five factors (net residential density, land use diversity, 
intersection density, cul-de-sac density, and PTAL). No independent effect of land use diversity was 
evident in any type of area. Higher levels of PTAL increased the propensity of walking in TOD areas 
but not in non-TOD areas. It is likely that PTAL is positively and highly correlated with TOD types of 
land uses, and thus may be confounded with these variables. Higher cul-de-sac density decreased 
the likelihood of using PT and AT in non-TOD areas (Model 2, Table 5). Within non-TOD areas, 
people who lived in relatively higher density neighbourhoods in 2009 were not only more likely to walk 
in 2009 (model 2 in Table 5); but they also were more likely to make a modal switch to active transport 
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in 2011 (model 4 in Table 6). Surprisingly, model 2 in Table 5 shows that individuals who lived in 
higher intersection density areas within non-TOD in 2009 were four time less likely to walk (model 2 in 
Table 5). Also, within TOD areas, a higher intersection density in 2009 reduced the propensity of 
switching to active transport (model 3 in Table 6). These findings are similar to that reported in the 
school transport literature (Lin and Chang, 2010; Timperio et al., 2006) where intersections not fitted 
with adequate traffic signals make walking more difficult. 
4.3 Residential dissonance impact on (changes in) mode choice behaviour 
Model 1 in Table 5 shows that a one unit increase in the dissonance level in TOD areas is expected to 
reduce the choice of public transport by approximately 1 unit, while holding all other variables in the 
model constant. Similarly, within non-TOD areas, a one unit increase in the level of consonance is 
expected to reduce the choice of public transport by one unit (model 2 in Table 5). Like public 
transport usage, model 1 in Table 5 shows that a one unit increase in the level of dissonance in TOD 
areas is expected to reduce the choice of AT by 42%. Similarly, a one unit increase in the level of 
consonance in non-TOD areas is expected to reduce the choice of AT by 33% (model 2 in Table 5). 
Note that both TOD dissonants and non-TOD consonants possess similar travel attitudes but live in 
different types of built environments. Despite the built environmental differences, their PT and AT 
usage were similar in 2009 due to their similar travel attitudes.  
 
A higher level of dissonance in TOD areas in 2009 not only restricted the choice of PT in 2009, but 
also it reduced individuals‘ propensity of switching to PT by 50% in 2011 (model 3 in Table 6). 
Similarly, a higher level of consonance in non-TOD areas in 2009 also reduced the propensity of 
shifting to PT by 41% in 2011. These relationships are further confirmed in the attitudinal change 
analysis between 2009 and 2011. Model 3 in Table 6 shows that a one unit increase in the level of 
dissonance between periods in TOD areas reduced the mode shifting behaviour to AT by 4 times. 
Similarly, a one unit increase in the level of consonance between the periods in non-TOD areas 
reduced the mode shifting behaviour to PT by 50% (model 4 in Table 6). Surprisingly, a one unit 
increase in the level of consonance in 2009 is expected to reduce the propensity to switch to the car 
by 0.69 of a unit in 2011 in non-TOD areas. In other words, non-TOD dissonants in 2009 are more 
likely to switch to the car in 2011. 
5. Discussion and Conclusion 
This research investigates two relatively unexplored issues in transport research using the HABITAT 
panel survey data within Brisbane as a case study. First, it investigates and compares the impact of 
residential dissonance on the choice of transport mode in TOD and non-TOD areas in 2009. Second, 
we examine changes in mode choice behaviour between 2009 and 2011 – with the intent to verify a 
hypothetical understanding in the literature that dissonants gradually adjust their travel preferences 
according to the built environment in which they live over time (Schwanen and Mokhtarian, 2005a). 
The findings from the cross-sectional analyses of mode choice behaviour in 2009 confirms existing 
research: TOD dissonants and non-TOD consonants are more likely to use the car, and less likely to 
use the public transport (PT) and active transport (AT) compared to their respective TOD-consonants 
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and non-TOD dissonants counterparts (De Vos et al., 2012; Schwanen and Mokhtarian, 2005b). The 
results suggest a stronger role for travel attitudes in shaping the choice of transport mode in 2009 
because the above groups live in two distinct types of neighbourhoods, but possess similar travel 
attitudes. Therefore, it is expected that any adjustment of their travel preferences over time should be 
reflected in their travel behaviour. The compliance of the cross-sectional findings with previous 
research suggests that the mode shift behaviour as reported in this paper is also valid for the groups.  
 
The longitudinal analysis of changes in mode choice behaviour between 2009 and 2011 partially 
verifies the attitudinal adjustment to the land use hypothesis. Given that TOD dissonants were more 
likely to use the car and less likely to use PT and AT in 2009, it was expected – according to the 
hypothesis - that they would more likely (or at least equally) to switch to PT and AT in 2011. The 
findings show that a higher level of dissonance in TOD areas in 2009 reduced the odds of mode 
shifting behaviour to PT by 50% in 2011, although no difference was found to exist on mode shifting 
behaviour to AT. Therefore, some level of behavioural shift is evident towards AT, although attitude 
remains a stronger factor for PT. In addition, they were not found more likely to switch to the car in 
2011 either – perhaps due to physical constraints in TOD areas, such as congestion and parking 
problems (De Vos et al., 2012). Therefore, the built environment also exerts some level of influence 
on attitudinal adjustment, and consequently on behaviour in TODs.  
 
In contrast - within non-TOD areas, a higher level of dissonance was associated with increased levels 
of PT and AT use in 2009. The findings from the longitudinal models indicate that the higher level of 
dissonance in 2009 enhanced behavioural adaptation to PT in 2011, which signifies the stronger role 
of attitudes in mode shifting behaviour. However, a higher level of dissonance in 2009 indicated a 
modal shift to the car in non-TOD areas. For this group - despite a stronger attitude towards PT - they 
switched to the car because of the built environment, which may be due to a lack of PT services and 
other opportunities. Again, the built environmental exerts some level of influence on attitudinal 
adjustment in non-TOD areas.  
 
Findings from this research reinforce the importance of attitude in policy development. Even with the 
incremental adjustment in attitudes, mode choice and mode shifting behaviours are largely explained 
by attitude (e.g. TOD dissonants and non-TOD consonants in 2009 are less likely to shift to PT in 
2011). Policy development for increased PT and TOD planning must focus on this by reducing the 
level of dissonance in TODs through market mechanisms that facilitate easy movement for non-TOD 
dissonants into TODs or for TOD dissonants into non-TOD areas. In addition, evidence in this 
research indicates that individuals are continually developing dissonance in TOD areas – perhaps due 
to a gap between the level of service provided in TOD areas and individual‘s preferences. The impact 
of this development was found to create a significant decline in a modal shift to AT. Further research 
should seek to understand this impact. We also found that attitudinal adjustment is minimal in TOD 
areas (e.g. TOD dissonants did not shift to the car in a significantly higher rate, also their shift to AT 
was equal to those TOD consonants). Again, research should explore this adjustment process with a 
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longer time span in order to firmly conclude the hypothesis posed in this research. The behaviour of 
non-TOD dissonants suggests the existence of a potential TOD market within the current non-TOD 
areas, indicating opportunities for TOD placement.  
 
Both place (e.g. TOD design) and people based policies should be integrated in order to enhance the 
effectiveness of a TOD, because different groups were identified as having varying travel choices and 
preferences. Groups that are most likely use PT and AT need to be actively recruited to live in TOD 
areas. These groups typically are equally likely to be male or female and include smaller sized 
households, single individuals, younger aged people, and individuals having higher levels of 
education. Job opportunities within proximity of a TOD are a key factor in promoting the use of PT. 
The effect of intersection density in TODs was found to be inconsistent with existing TOD literature. It 
is surprising that higher levels of intersection density reduced the shift to AT in TODs, and as such, 
qualitative research to delve more deeply into this issue would be helpful in devising appropriate 
street network design for TODs in Brisbane. 
 
Within this study mode choice was not measured precisely and other travel behaviours were not 
examined. Other measures such as number of trips, or vehicle kilometres of travel by mode might 
provide an opportunity for more in depth analysis and offer additional insights not provided here. It is 
possible that mode shifts occurred, yet a ‗primary‘ or ‗main‘ mode did not shift for a respondent. Thus, 
these omissions or shortcomings suggest that the results provided here are conservative, and that 
potential changes could be larger than those observed in this study. Using other travel behaviour 
metrics remains a topic for further research. In addition, built environmental changes were not 
considered in this research as the possible explanatory factors of travel behaviour changes due to 
data unavailability. Although it is expected that the changes in the built environment were minimal 
between the periods, further research should seek to include these factors and improve upon the 
explanatory power of the model presented here. Future research should also seek to disentangle the 
impact of travel options (individuals prefer to live in TODs for not using the PT services but to keep it 
as an option in case they need it) in identifying the impact of dissonance on mode choice behaviour.  
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8. Figure captions 
Figure 1: Environmental indicators of two individuals 
Figure 2: Cluster analysis to derive TOD and non-TOD areas in Brisbane  
Figure 3: Location of TOD and non-TOD type of areas in Brisbane 
 
Table 1: Socio-economic characteristics of the respondents participated in the surveys 
Socio-demographics 2007 
 
2009 
 
Socio-demographic changes Changes between 
‘09 and ‘11 
 
 Frequency % Frequency %  Frequen
cy 
% 
Female 6041 56.2 2239 56.6    
Car availability        
Yes, always 9520 88.6 3571 90.2 Unchanged 3669 92.7 
Yes, sometimes 543 5.1 233 5.9 Availability increased 140 3.5 
No 284 2.6 71 1.8 Availability decreased 148 3.7 
Do not drive 292 2.7 82 2.1    
Missing 101 0.9 - -    
Employment status        
Not working 2373 22.1 959 24.2 Unchanged 3295 83.3 
Working part time 2651 24.7 929 23.5 Working time increased 243 6.1 
Working full time 5693 53.0 2069 52.3 Working time decreased 419 10.6 
Missing 23 0.2 - -    
Level of education        
Upto year 12 4196 39.1 1410 35.6    
Diploma/certificate 3127 29.1 1140 28.8    
Bachelor and above 3372 31.4 1407 35.6    
Missing 45 0.4 - -    
Current living arrangement        
Living alone with no children 1598 14.9 601 15.2 Unchanged 3409 86.2 
Single parent with >=1 children 942 8.8 241 6.1 Became couple from single 76 1.9 
Single and living with friends/relatives 702 6.5 155 3.9 Became couple with child from single 24 .6 
Couple living with no children 2850 26.5 1203 30.4 Child left from respondent’s home 26 .7 
Couple living with >=1 children 4512 42.0 1663 42.0 Respondent left friends/family 230 5.8 
Other 35 0.3 94 2.4 Became single parent 21 .5 
Missing 101 0.9 - - Became single from couple 42 1.1 
     Added new child 72 1.8 
     Other lifecycle changes 57 1.4 
Income percentile        
First (lower) 2988 27.8 1021 25.8    
Second 2915 27.1 1073 27.1    
Third 543 5.1 570 14.4    
Fourth (upper) 1827 17.0 806 20.4    
Missing 2467 23.0 487 12.3    
Country of birth        
Australia 8033 74.8 3065 77.5    
Other 2642 24.6 892 22.5    
Missing 65 0.6 - -    
Travel time to worka        
Less than 15 minutes   843 28.1 Unchanged 2236 74.6 
15-30 minutes   1290 43.0 Travel time increased 396 13.2 
30-60 minutes   783 26.1 Travel time decreased 366 12.2 
More than 60 minutes   82 2.8    
Average age 51.78 SD. 7.068 54.17 SD. 7.071    
Average household size 2.88 SD. 1.389 2.79 SD. 1.350 Averages changes -0.090 SD. 0.728 
Missing cases 123 1.1      
Average heath status 3.329 SD. 0.957 3.3601 SD. 0.899 Averages changes 0.013 SD. 0.717 
Missing cases 96 0.9 - -    
Average length of stay (year) 11.97 SD. 10.51 14.84 SD. 10.73    
N 10740  3957   3957  
a Travel times are only associated with 2998 working individuals (both part time and full time). 
Tables
Table 2: Pattern matrix showing variables loading on the travel attitude factors that are significant in the final model 
Items 2009 
 
2011 
 
 Negative-
PT 
Pro-env Pro-car Car safer Negative-
PT 
Pro-env Pro-car Car safer 
Public transport is inconvenient and unreliable .867 .032 .019 -.038 .837 .014 .006 -.063 
Using public transport takes too much time .687 .046 .218 -.007 .749 .037 .141 -.037 
Travelling by public transport is not very pleasant .695 -.014 -.021 .072 .719 -.047 -.082 .141 
Public transport can sometimes be difficult than driving .553 -.169 .035 .038 .504 -.189 -.002 .058 
Public transport is expensive .457 .015 -.052 -.004 .397 .046 .002 -.005 
People need to walk and cycle more to improve the environment .035 .933 -.091 .025 .016 .931 -.112 .035 
People need to walk and cycle more to reduce global warming .011 .827 -.027 -.022 -.002 .831 -.068 -.008 
People need to walk and cycle more to reduce traffic congestion .009 .809 -.104 .048 .019 .811 -.151 .032 
People need to use public transport more often to reduce congestion -.137 .631 .079 -.057 -.152 .635 .089 -.054 
Driving a car is expensive .013 .411 .043 -.055 .036 .391 .089 -.051 
I need a car to do many of the things that I do -.017 .005 .928 -.026 -.007 .011 .956 -.026 
I could not manage pretty well without a car .047 -.122 .655 -.003 .035 -.147 .619 .008 
Travelling by car is safer overall than riding a bike .065 .135 .269 .202 .076 .134 .293 .193 
Travelling by car is safer overall than walking -.082 -.088 .022 .734 -.080 -.042 .016 .789 
Travelling by car is safer overall than taking public transport .270 -.025 -.036 .643 .249 -.055 .025 .616 
% of variance explained (extracted sums of squared loadings) 29.148 18.085 9.637 7.076 29.082 17.630 9.619 7.335 
Total variance explained (%)    63.945    63.666 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy    0.821    0.820 
Extraction Method (based on polychoric correlations matrix)       Principal Axis Factoring 
Rotation Method       Oblimin quartimin 
N       3957 
 
 
 
  
Table 3: Descriptive statistics showing main mode of travel in 2009 
Main mode of travel in 2009 TOD area 
 
Non TOD area 
 
Total 
 
 Frequency % Frequency % Frequency % 
Car or motorcycle 352 69.0 2918 84.7 3270 82.6 
Public transport 84 16.5 382 11.1 466 11.8 
Walk and Bicycle 70 13.7 127 3.7 197 5.0 
Other 4 0.8 20 0.6 24 .6 
Total 510 100.0 3447 100.0 3957 100.0 
  
Table 4: Descriptive statistics showing main mode of travel in 2009 
Mode switch: original 
classification 
TOD area 
 
Non TOD area 
 
Total 
 
Mode switch: 
Reclassification 
TOD area 
 
Non TOD area 
 
Total 
 
 Frequency % Frequency % Frequency %  Frequency % Frequency % Frequency % 
Unchanged 427 83.7 3116 90.4 3543 89.5 Unchanged 427 83.7 3116 90.4 3543 89.5 
PT to car 14 2.7 115 3.3 129 3.3 Changed to car 36 7.1 164 4.8 200 5.1 
AT to car 20 3.9 38 1.1 58 1.5        
Other to car 2 0.4 11 0.3 13 0.3        
Car to PT 14 2.7 96 2.8 110 2.8 Changed to PT 25 4.9 107 3.1 132 3.3 
AT to PT 10 2.0 9 0.3 19 0.5        
Other to PT 1 0.2 2 0.1 3 0.1        
Car to AT 13 2.5 33 1.0 46 1.2 Changed to AT 19 3.7 43 1.2 62 1.6 
PT to AT 6 1.2 10 0.3 16 0.4        
Other to AT 0 0.0 0 0.0 0 0.0        
Car to other 3 0.6 16 0.5 19 0.5 Changed to other 3 0.6 17 0.5 20 .5 
PT to other 0 0.0 0 0.0 0 0.0        
AT to other 0 0.0 1 0.0 1 0.0        
Total 510 100 3447 100 3957 100.0  510 100 3447 100 3957 100.0 
 
  
Table 5: Multinomial logistic regression analyses results showing mode choice behaviour in TOD and non-TOD areas in Brisbane in 2009a 
Explanatory factors (’09) Model 1: Mode choice behaviour in TODs in 2009 (ref: car/motorcycle) 
 
Model 1: Mode choice behaviour in non-TODs in 2009 (ref: car/motorcycle) 
 
 PT 
 
AT 
 
PT 
 
AT 
 
 OR (B) 95% C.I. for ORs OR (B) 95% C.I. for ORs OR (B) 95% C.I. for ORs OR (B) 95% C.I. for ORs 
Intercept (1.53)   (-1.86)   (0.63)   (-0.43)   
Level of dissonance (for TOD areas) 0.34 (-1.08) 0.22 0.51 0.58 (-0.55) 0.38 0.88 NA NA NA NA NA NA 
Level of consonance (for non-TOD areas) NA NA NA NA NA NA 0.40 (-0.93) 0.33 0.47 0.67 (-0.43) 0.52 0.86 
Intersection density       0.92 (-0.08) 0.46 1.83 0.28 (-1.26) 0.10 0.84 
Cul de sac density       0.31 (-1.17) 0.10 0.934 0.17 (-1.76) 0.03 1.04 
Net residential density       1.02 (0.02) 0.97 1.06 1.08 (0.08) 1.02 1.15 
Public transport accessibility level (PTAL) 0.96 (-0.46) 0.81 1.13 1.43 (0.35) 1.16 1.75       
Female (ref: male)       1.41 (0.34) 1.08 1.84 0.53 (-0.64) 0.35 0.80 
Age       0.98 (-0.02) 0.97 1.00 0.96 (-0.04) 0.93 0.99 
Car availability: sometimes (ref: always) 4.97 (1.60) 1.66 14.84 18.83 (2.94) 6.82 51.94 7.07 (1.96) 4.79 10.46 7.60 (2.03) 4.56 12.68 
Car availability: do not drive (ref: always) 40.96 (3.71) 4.60 364.56 94.32 (4.55) 10.64 836.37 21.77 (3.08) 10.66 44.44 38.48 (3.65) 17.39 85.16 
Diploma (ref: upto year 12) 0.44 (-0.83) 0.20 0.96 1.58 (0.46) 0.66 3.75       
Graduate (ref: upto year 12) 0.68 (-0.39) 0.36 1.30 2.49 (0.91) 1.16 5.36       
Household size 0.71 (-0.35) 0.56 0.90 0.80 (-0.22) 0.64 1.01       
Health status       0.87 (-0.14) 0.76 1.01 1.32 (0.28) 1.06 1.64 
Part time * travel time <15 mins (ref: non-working)       0.17 (-1.80)  0.06 0.48 0.90 (-0.11) 0.46 1.77 
Part time * travel time 15-30 mins (ref: non-working) 3.23 (1.17) 1.21 8.62 0.40 (-0.91) 0.11 1.52 0.77 (-0.26) 0.42 1.41 0.12 (-2.13) 0.023 0.51 
Part time * travel time 30-60 mins (ref: non-working) 8.67 (2.16) 3.03 24.84 0.33 (-1.13) 0.06 1.78 6.31 (1.84) 3.88 10.27 0.19 (-1.67) 0.03 1.40 
Part time * travel time >60 mins (ref: non-working)       8.64 (2.16) 3.01 24.83 2.60 (0.96)  0.49 13.83 
Full time * travel time <15 mins (ref: non-working)       0.22 (-1.52) 0.09 0.56 0.50 (-0.70) 0.25 1.00 
Full time * travel time 15-30 mins (ref: non-working) 3.71 (1.31) 1.82 7.56 0.46 (-0.79) 0.22 0.96 2.02 (0.70) 1.33 3.04 0.82 (-0.20) 0.48 1.40 
Full time * travel time 30-60 mins (ref: non-working) 4.80 (1.57) 1.91 12.10 0.39 (-0.96) 0.11 1.35 11.95 (2.48) 8.10 17.62 1.08 (0.08) 0.58 2.03 
Single living with relatives (ref: single living alone) 3.02 (1.11) 0.99 9.16 0.38 (-0.97) 0.06 2.45       
Pseudo R-Square (Nagelkerke)      0.38      0.33 
-2 Log Likelihood      643.51      2644.43 
Chi-Square      182.84      807.15 
N      506      3427 
a Dimmed coefficients are not significant 
NA – Not applicable 
 
 
  
Table 6: Multinomial logistic regression analyses results showing mode switch behaviour in TOD and non-TOD areas in Brisbane between 2009 and 2011 
Explanatory factors Model 3: Mode shift behaviour in TODs (ref: unchanged) 
 
Model 4: Mode shift behaviour in non-TODs (ref: unchanged) 
 
 Changed to car 
 
Changed to PT 
 
Changed to AT 
 
Changed to car 
 
Changed to PT 
 
Changed to AT 
 
 OR (B) 95% C.I. for 
ORs 
OR (B) 95% C.I. for 
ORs 
OR (B) 95% C.I. for 
ORs 
OR (B) 95% C.I. for 
ORs 
OR (B) 95% C.I. for 
ORs 
OR (B) 95% C.I. for 
ORs 
Intercept (0.70)   (5.34)   (0.46)   (-2.99)   (-3.30)   (-7.34)   
Base variables (’09)                   
Level of dissonance (for TOD areas) 0.59 (-0.53) 0.34 1.02 0.51 (-0.68) 0.26 0.97 0.61 (-0.49) 0.29 1.31 NA NA NA NA NA NA NA NA NA 
Level of consonance (for non-TOD areas) NA NA NA NA NA NA NA NA NA 0.69 (-0.37) 0.54 0.78 0.59 (-0.53) 0.44 0.80 0.95 (-0.05) 0.61 1.49 
Intersection density 0.20 (-1.63) 0.03 1.41 0.11 (-2.25) 0.01 1.21 0.05 (-3.10) 0.01 0.81          
Cul de sac density                   
Net residential density          1.03 (0.03) 0.98 1.00 1.06 (0.06) 0.99 1.13 1.13 (0.12) 1.04 1.24 
Female (ref: male)          1.02 (0.02) 0.72 1.41 1.41 (0.34) 0.91 2.177 0.46 (-0.78) 0.24 0.90 
Age 1.00 (0.01) 0.95 1.06 0.93 (-0.07) 0.88 0.99 1.02 (0.02) 0.94 1.10          
Car availability: sometimes (ref: always) 2.24 (0.81) 0.61 8.32 2.59 (0.95) 0.63 10.73 5.41 (1.69) 1.29 22.65 3.17 (1.16) 1.67 6.03 2.72 (1.00) 1.32 5.59 2.06 (0.72) 0.55 7.74 
Car availability: do not drive (ref: always)          1.70 (0.53) 0.62 4.65 5.07 (1.62) 2.00 12.89 6.57 (1.88) 1.72 25.10 
Household size 0.75 (-0.29) 0.54 1.05 0.64 (-0.44) 0.43 0.97 0.60 (-0.51) 0.35 1.03          
Health status          1.01 (0.01) 0.84 1.22 0.89 (-0.12) 0.71 1.12 1.43 (0.35) 0.99 2.04 
Part time * travel time <15 mins (ref: non-working)          0.51 (-0.68) 0.22 1.17 0.14 (-2.01) 0.02 1.01 1.21 (0.19) 0.34 4.27 
Part time * travel time 15-30 mins (ref: non-working)          0.33 (-1.10) 0.12 0.89 1.05 (0.05) 0.46 2.39 0.31 (-1.16) 0.04 2.56 
Part time * travel time 30-60 mins (ref: non-working)          2.97 (1.09) 1.58 5.59 1.49 (0.40) 0.59 3.78 0.71 (-0.34) 0.09 5.87 
Part time * travel time >60 mins (ref: non-working)                   
Full time * travel time <15 mins (ref: non-working)          0.45 (-0.79) 0.21 1.00 1.49 (0.40) 0.67 3.32 1.52 (0.42) 0.55 4.20 
Full time * travel time 15-30 mins (ref: non-working)          1.17 (0.16) 0.69 2.01 2.69 (0.99) 1.48 4.91 1.05 (0.05) 0.39 2.81 
Full time * travel time 30-60 mins (ref: non-working)          2.99 (1.10) 1.823 4.89 2.26 (0.82) 1.17 4.36 1.46 (0.38) 0.54 3.94 
Change variables (09-11)                    
Changes in the level of dissonance (TOD areas) 1.05 (0.05) 0.54 2.02 0.56 (-0.58) 0.25 1.25 0.28 (-1.29) 0.11 0.72 NA NA NA NA NA NA NA NA NA 
Changes in the level of consonance (non-TOD areas) NA NA NA NA NA NA NA NA NA 1.29 (0.25) 0.97 1.71 0.51 (-0.68) 0.35 0.74 1.36 (0.30) 0.79 2.32 
Changes in household size 0.86 (-0.15) 0.45 1.64 0.40 (-0.92) 0.21 0.76 0.55 (-0.61) 0.20 1.47 1.06 (0.06) 0.86 1.30 0.74 (-0.30) 0.57 0.97 0.84 (-0.17) 0.57 1.25 
Car availability increased          2.31 (0.84) 1.10 4.85 0.26 (-1.36) 0.06 1.19 1.79 (0.58) 0.41 7.85 
Car availability decreased 0.68 (-0.38) 0.08 5.56 0.99 (-0.01) 0.12 8.29 4.80 (1.57) 1.13 20.41 1.60 (0.47) 0.77 3.36 7.43 (2.01) 4.18 13.20 2.51 (0.92) 0.74 8.55 
Working time increased, travel time unchanged          0.67 (-0.40) 0.23 1.92 4.48 (1.50) 2.22 9.03 0.71 (-0.35) 0.09 5.54 
Working time decreased, travel time unchanged          4.48 (1.50) 2.96 6.77 0.71 (-0.34) 0.32 1.61 2.56 (0.94) 1.13 5.83 
Pseudo R-Square (Nagelkerke)         0.14         0.17 
-2 Log Likelihood         559.23         2380.34 
Chi-Square         51.75         333.91 
N         507         3430 
a Dimmed coefficients are not significant,  
NA – Not applicable 
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